Abstract Purpose: We examined expression of 14-3-3j, a regulator of cell proliferation, and evaluated its clinical significance in endometrioid endometrial carcinoma. Experimental Design: One hundred three endometrioid endometrial adenocarcinoma cases were examined using immunohistochemistry with archival specimens. We correlated this finding with various clinicopathologic variables, including the status of estrogen receptor, progesterone receptor, and MIB-1 (Ki-57).
transformation in vitro and supports tumor formation in vivo, which suggests that this gene has tumor-suppressive properties. The 14-3-3r gene was originally identified as a p53-inducible gene responsive to DNA-damaging agents (3) . In response to DNA damage, 14-3-3j is induced in a p53-dependent manner and prevents the cdc2/cyclin B1 complex from entering the nucleus. We showed previously that 14-3-3j undergoes proteolysis mediated by estrogen finger protein, which is a target of the estrogen receptor (ER) acting as an ubiquitin ligase of 14-3-3j in breast carcinoma cells (4) . In addition, 14-3-3j is silenced by CpG methylation in a large proportion of human carcinomas (1, 2) . The expression of 14-3-3j is shown to be frequently lost in human epithelial carcinoma, breast, gastric, lung (5 -7), etc. We also reported recently that decreased expression of 14-3-3j was significantly associated with poor prognosis in epithelial ovarian cancer (8) .
Endometrial carcinoma is the most common malignancy of the female genital tract, and its incidence has recently increased (9) . In normal endometrium, 14-3-3j protein was expressed weakly in epithelial glandular cells (10) . However, the status of 14-3-3j protein and its possible roles have never been examined in endometrial carcinoma. We reported previously the prognostic significance of p53 overexpression in endometrial cancer (11, 12) . Therefore, decreased expression of 14-3-3j may possibly have an important role in the development of endometrial cancer, because 14-3-3j is directly regulated by p53.
To study the possible correlation between status of 14-3-3j protein and prognosis of the patients, we examined its immunoreactivity in 103 cases of endometrioid endometrial cancer and correlated the findings with clinical outcome of the patients.
Materials and Methods
Patients and tissues. Twenty-five normal cycling human endometria (15 proliferative phase and 10 secretory phase) and 103 Fig. 1 . Immunohistochemistry of 14-3-3j expression: A, proliferative phase; B, secretory phase; C and D, endometrioid endometrial adenocarcinoma (G1); E and F, endometrioid endometrial adenocarcinoma (G3). 14-3-3j Immunoreactivity was detected in the cytoplasm of glandular cells. 14-3-3j Immunoreactivity was also detected in the cytoplasm of carcinoma cells. C and E, positive cases; D and F, negative cases. Original magnification, Â400.
endometrioid endometrial adenocarcinoma (49 well differentiated,  32 moderately differentiated, and 22 poorly differentiated; 66 stage I,  12 stage II, 22 stage III, and 3 stage IV) were retrieved from surgical pathology files of Tohoku University Hospital (Sendai, Japan). The protocol for this study was approved by the Ethics Committee at Tohoku University Graduate School of Medicine (Sendai, Japan). All carcinoma specimens were obtained from surgery. We obtained nonpathologic endometria from hysterectomy specimens performed due to carcinoma in situ of the uterine cervix at Tohoku University Hospital. All endometrial carcinoma specimens were obtained from hysterectomy. Median follow-up time of the patients examined in this study was 60 months (range, 2-148 months). Disease-free survival and overall survival were calculated from the time of initial surgery to recurrence and/or death or the date of last contact. Survival times of patients still alive or lost to follow-up were censored in December 2004. Clinicopathologic findings of these patients, including age, histology, stage, grade, and preoperative therapy, were retrieved by review of patient charts. A standard primary treatment for endometrial carcinoma at Tohoku University Hospital was surgery consisting of total abdominal hysterectomy, salpingo-oopholectomy, pelvic and/or para-aortic lymphadenectomy, and peritoneal washing cytology. A total of 85 of 103 (83%) patients underwent complete surgery. Six of 85 patients had lymph node metastasis. The remaining 18 (17%) patients underwent total abdominal hysterectomy and salpingo-oopholectomy without lymphadenectomy because of obesity and/or poor performance status. None of these patients had received preoperative chemotherapy and/ or hormonal therapy or pelvic irradiation. No patient had used oral contraceptives. The lesions were classified according to the Histological Typing of Female Genital Tract Tumors by the WHO and staged according to the International Federation of Gynecology and Obstetrics system (13, 14) . Sixty-eight of 103 patients received pelvic radiation therapy (50 Gy) or three to six courses of chemotherapy consisting of the cisplatin-based combination regimen CAP (60-70 mg/m 2 cisplatin, 40 mg/m 2 doxorubicin, and 500 mg/body cyclophosphamide) after operation. Patients who had early-stage and low-grade disease (stage Ia, grade 1; stage Ia, grade 2; and stage Ib, grade 1) and patients who were associated with poor performance status did not receive any adjuvant therapy. All specimens were routinely processed (i.e., 10% formalin fixed for 24-48 hours), paraffin embedded, and thin sectioned (3 Am).
Immunohistochemistry. Immunohistochemical analysis was done employing the streptavidin-biotin amplification method using a Histofine kit (Nichirei, Tokyo, Japan) as described previously in detail by the authors (15) . Polyclonal antibody for 14-3-3j (N-14) was purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA). The characteristics of the primary antibodies employed in this study are summarized in Table 1 . For immunostaining of 14-3-3j, p53, ERa, progesterone receptor (PR), and Ki-67, the slides were heated in an autoclave at 121jC for 5 minutes in citric acid buffer [2 mmol/L citric acid and 9 mmol/L trisodium citrate dehydrate (pH 6.0)] following deparaffinization for antigen retrieval. The dilutions of the primary antibodies used for our studies were as follows: 14-3-3j, 1:100; p53, 1:40; ERa, 1:2; PR, 1:30; and Ki-67, 1:50. The antigen-antibody complex was visualized with 3,3V -diaminobenzidine solution [1 mmol/L 3,3V -diaminobenzidine, 50 mmol/L Tris-HCl buffer (pH 7.6), and 0.006% H 2 O 2 ] and counterstained with hematoxylin. Tissue sections of nonneoplastic breast epithelial tissue were used as positive controls for 14-3-3j, and breast cancer was also used as positive control for ERa. As a negative control, normal rabbit or mouse IgG was used instead of primary antibodies.
Semiquantitative analysis of immunohistochemical staining. For evaluation of ERa, PR, and Ki-67 immunoreactivity, labeling index was obtained in glandular or carcinoma cells as described by Utsunomiya et al. (16) with some modifications. In cases immunopositive for ERa, PR, and Ki-67, >1,000 glandular or carcinoma cells were counted in each case by two of the authors (K.I. and T.S.) independently after reviewing the slides and determining the areas of evaluation simultaneously with a double-headed microscope. The percentage of immunoreactivity (i.e., labeling index) was subsequently determined. Cases with interobserver differences of >5%, which occurred in 3% to 7% of the cases examined, were reevaluated together by two of the authors above using double-headed light microscopy. Intraobserver differences were <5% when examining the same selected fields of representative cases. The mean value was obtained in cases with interobserver differences of <5%. As immunoreactivities of 14-3-3j and p53 were relatively homogeneous and clearly distinguishable as positive or negative, carcinoma cells were classified into the two groups without much differently (+, carcinoma cells with positive immunoreactivity; À, carcinoma cells with no immunoreactivity) by two of the same authors above.
Statistical analyses. Statistical analysis was done using SAS software version 5.0 (StatView, Cary, NC). The statistical difference between 14-3-3j and characteristics of the patients was evaluated in a cross-table using the m 2 test. Correlation between 14-3-3j and p53, ERa, PR, and Ki-67 immunoreactivity was also assessed using Mann-Whitney U test. Overall and disease-free survival curves were generated according to the Kaplan-Meier method, and the statistical significance was calculated using a log-rank test. Univariate and multivariate analyses were evaluated with Cox proportional hazards model. A result was considered significant when the P < 0.05.
Results
Normal cycling endometrium. 14-3-3j Immunoreactivity was detected in the cytoplasm of glandular cells but not in the stromal cells of all the cases examined. Marked 14-3-3j immunoreactivity was detected in the glandular cells of secretory phase mucosa compared with those of proliferative phase mucosa (Fig. 1A and B) .
Association of 14-3-3s expression with clinicopathologic variables and estrogen receptor a, progesterone receptor, Ki-67, and p53 immunoreactivity in patients with endometrial cancer. 14-3-3j Immunoreactivity was detected in the cytoplasm of epithelial cancer cells, although ERa, PR, Ki-67, and p53 were confined exclusively to the nuclei of epithelial cells (Fig. 1C-F ). 14-3-3j Immunoreactivity was present in 78 of 103 (75.3%) cases of endometrioid endometrial carcinoma. The correlation between 14-3-3j immunoreactivity and clinicopathologic variables, including ERa, PR, Ki-67, and p53 immunoreactivity, was examined. As seen in Table 2 , no statistically significant correlation was detected between status of 14-3-3j immunoreactivity and any of the variables examined in this study. The status of 14-3-3j immunoreactivity tended to be inversely correlated with that of p53, but the correlation did not reach statistical significance. There were no statistically significant correlations between status of lymph node metastasis and 14-3-3j expression (P = 0.1456).
Association of 14-3-3s expression with disease-free survival and overall survival in patients with endometrial cancer. 14-3-3j Immunoreactivity was evaluated as a prognostic variable in the 103 cases using univariate analysis (Table 3 ; Cox proportional hazards model). In 103 cases, 14-3-3j immunoreactivity was absent in 7 of 16 patients (43.8%) who showed recurrence during follow-up, whereas loss of its immunoreactivity was detected only in 18 of 87 (20.7%) disease-free patients for the same clinical follow-up period. 14-3-3j Immunoreactivity was also absent in 6 of 9 (66.7%) patients who died, whereas loss of its immunoreactivity was detected only in 19 of 94 (20.2%) patients who had lived during the same period. Patients whose tumors were associated with absence of 14-3-3j expression were at much greater risk to develop recurrent and/or mortal disease (P = 0.0382 and 0.0041). Indicators of clinical outcome of the patients, including ER, PR, and p53 status and histologic grade, were likewise significantly associated with poor outcome. Patients whose tumors were negative for 14-3-3j Fig. 2 . A, correlation between 14-3-3j immunoreactivity and recurrence for patients with endometrial cancer. B, correlation between 14-3-3j immunoreactivity and survival for patients with endometrial cancer.
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Research. had also significantly worse disease-free survival and overall survival rates than 14-3-3j-positive ones using log-rank tests ( Fig. 2A and B ; P = 0.0298 and 0.0007).
To determine whether the prognostic value of 14-3-3j expression was independent of other risk factors associated with clinical outcome, we examined the data using multivariate analysis. The prognostic factors examined were 14-3-3j, ER, PR, and p53 status, stage, and histologic grade. The findings are summarized in Table 4 . Absence of 14-3-3j expression was independently statistically significant as risk factor in diseasefree survival and overall survival of the patients (P = 0.0297 and 0.0148). PR status was an independent risk factor only in disease-free survival, and histologic grade was an independent risk factor only in overall survival. ER status turned out not to be independent prognostic indicator in both disease-free survival and overall survival. Disease-free survival and overall survival were not significantly different between the two groups who received radiation therapy or chemotherapy (data not shown).
Significance of 14-3-3s status in patients with early-stage disease of endometrial cancer. 14-3-3j Expression was then evaluated as a prognostic variable in 78 cases with early-stage disease (stage I and II) using univariate analysis (Table 5 ; Cox proportional hazards model). In the total of 78 cases, 14-3-3j immunoreactivity was absent in 5 of 10 (50.0%) patients who showed recurrence during follow-up, whereas loss of its immunoreactivity was detected only in 13 of 68 (19.1%) disease-free patients for the same period. 14-3-3j Immunoreactivity was also not detected in 4 of 5 (80.0%) patients who died, whereas absence of its immunoreactivity was detected only in 14 of 73 (19.2%) patients who had lived during the same period. Patients whose tumors did not show 14-3-3j immunoreactivity were at much greater risk to develop recurrent and/or mortal disease (P = 0.0372 and 0.0067). Patients whose tumors were negative for 14-3-3j also had significantly worse disease-free survival and overall survival rates than 14-3-3j-positive ones using log-rank tests ( Fig. 3A and B ; P = 0.0251 and 0.0002). In advanced-stage disease (stage III and IV), there was a trend for 14-3-3j-negative cases to undergo aggressive biological behavior than 14-3-3j-positive ones, although the differences did not reach statistical significance (data not shown). Multivariate analysis was done and summarized in Table 6 . Absence of 14-3-3j immunoreactivity was independently statistically significant as risk factor in disease-free survival and overall survival in patients with early-stage disease of endometrial carcinoma (P = 0.0317 and 0.0229).
Therefore, we examined the subgroup with completely surgically staged node-negative (International Federation of Gynecology and Obstetrics stage I and II) endometrial adenocarcinoma ( Table 7) . Absence of 14-3-3j immunoreactivity still turned out to be independently statistically significant as risk factor in disease-free survival (P = 0.0245) although not significant in overall survival (P = 0.0646) of the patients.
Discussion
This is the first study that examined the status of 14-3-3j protein and its possible roles in conjunction with clinical outcome of the patients in endometrial carcinoma. The 14-3-3r gene is well-known to be induced after DNA damage in a p53-dependent manner and to play an important role in the G 2 checkpoint by sequestering the cdc2/cyclin B1 complex (1, 2) . An inactivation of 14-3-3j is also currently considered to play an important role in tumor development and/or progression. However, it is also true that 14-3-3j may play a different role in tumor development and/or progression among different human organs. In urinary bladder carcinoma, for example, 14-3-3j is highly up-regulated in pure squamous cell carcinoma, whereas it is down-regulated in invasive bladder urothelial cell carcinoma (17) . In breast carcinoma, loss of 14-3-3j expression becomes marked in the progression from atypical hyperplastic lesions to ductal carcinoma in situ (18, 19) . Loss of 14-3-3j protein was also reported in prostate carcinoma and its precursors (20 -22) . Therefore, loss or absence of 14-3-3j expression is generally considered an early event during carcinogenesis in both breast and prostate carcinoma (18 -22) . Ostergaard et al. (23) reported that less differentiated bladder squamous cell carcinoma was associated with decreased expression of 14-3-3j. We showed recently that loss of 14-3-3j expression was correlated with advanced disease and/or high-grade tumor and significantly associated with poor prognosis in epithelial ovarian carcinoma (8) . In our present study, the frequency of absence of 14-3-3j immunoreactivity in clinically early disease and/or low-grade tumor was similar with that in advanced-stage and/or high-grade tumor, although decreased status of 14-3-3j immunoreactivity was significantly associated with poor prognosis in endometrioid endometrial cancer. These results suggest that the loss of 14-3-3j expression in endometrioid endometrial cancer may be associated with an aggressive biological characteristics, which play an important role in prognosis and/or recurrence, although it could be a relatively early event during their carcinogenesis.
In our present study, there were no significant differences of the findings between cases of early-stage and advanced-stage cancer, although advanced-stage cancer cases tended to be associated with worse prognosis than early-stage cases. These findings are considered to be due to the following reasons: the relatively small number of advanced-stage cancer cases, especially only 3 stage IV cases, and the fact that 15 of 22 (70%) cases of stage III examined were stage IIIa. Cases of stage IIIa, especially cytologic stage IIIa (positive peritoneal cytology alone), has been shown to be associated with much better prognosis than those of stage IIIc (24, 25) . However, it awaits further investigation for clarifying the possible role of decreased status of 14-3-3j immunoreactivity in advanced-stage endometrial carcinoma cases.
Endometrial carcinoma is the most common pelvic gynecologic carcinoma, and 80% to 90% of all cases are in clinically early stage (26) . Five-year survival data of the patients revealed f10% to 20% mortality in early-stage disease (26) . There have been many controversies on the possible use of adjuvant therapy in patients of early-stage endometrial carcinoma (27 -31 
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Research. study) . The estimated 4-year survival was 86% in the group with no additional therapy arm and 92% for whole radiation therapy arm, with no statistical difference between these two groups (31) . Therefore, identification of additional prognostic markers could provide the information to avoid unnecessary adjuvant therapy and to plan effective systemic treatment. Several studies have attempted to identify prognostic factors of the patients with early-stage endometrial cancer. However, none of them have provided satisfactory results. Fiumicino et al. (32) showed that microsatellite instability was an independent indicator of recurrence in early-stage endometrial adenocarcinoma, but Maxwell et al. (33) reported that microsatellite instability is rather a favorable prognostic factor. In addition, MacDonald et al. (34) and Basil et al. (35) both independently reported the lack of any correlation between microsatellite instability and clinical outcome in endometrial cancer. Recently, Powell et al. (36) examined the prognostic significance of rDNA methylation and showed that tumor rDNA level turned out to be significant prognostic factor for both disease-free survival and overall survival in early-stage endometrial cancer. Powell et al. therefore identified the prognostic indicator of early-stage endometrial carcinoma. However, their methods require sufficient quantity of frozen specimens, and patients with small tumors often did not have adequate tumor tissue for examination in clinical early stage of endometrial carcinoma, which may limit the clinical value of this interesting prognostic marker.
In our study, we studied archival or surgical pathology materials and analyzed a remarkable number of the cases with follow-up data to show possible correlation between absence of 14-3-3j and adverse clinical outcome using immunohistochemistry, which is a simple and useful method in surgical pathology specimens. In early-stage endometrial cancer, 14-3-3j immunoreactivity was not detected in 5 of 10 (50.0%) patients who had recurrence during clinical follow-up, whereas absence of its immunoreactivity was detected only in 13 of 68 (19.1%) disease-free patients during the same period. 14-3-3j Immunoreactivity was not detected in 4 of 5 (80.0%) patients who died, whereas loss of its immunoreactivity was detected only in 14 of 73 (19.2%) patients who had lived for the same period of clinical follow-up. Absence of 14-3-3j expression was independently statistically significant as risk factor in diseasefree survival and overall survival in patients in the early stage of the disease. Additionally, even in the subgroup with completely surgically staged node-negative (International Federation of Gynecology and Obstetrics surgical stage I and II) endometrial adenocarcinoma, absence of 14-3-3j immunoreactivity still turned out to be independently statistically significant as risk factor in disease-free survival although not significant in overall survival of the patients.
These findings all indicate that absence of 14-3-3j protein determined by immunohistochemistry could be a very important tool to identify the patients at high risk of recurrence and/or death, who are otherwise not detected by current clinical and pathologic evaluation, especially in the early stage of endometrial carcinoma. In addition, results of 14-3-3j immunohistochemistry in early stage of endometrial carcinoma could contribute to planning postoperative follow-up and adjuvant therapy. 
